ABSTRACT During a distribution survey of ßies of medical importance around northern Thailand, we discovered two new species of ßesh ßy Sarcophaga (s. lat.) (Diptera: Sarcophagidae) that also are new to science. The species are Sarcophaga nanensis sp. nov. and Sarcophaga kiyokoae sp. nov. Adults of the former species was recovered from Pua River of Nan province (19Њ 12Ј29Љ N, 100Њ 56Ј 36Љ E) 442 m in northern Thailand, whereas the latter species was collected around Kuang River (19Њ 0Ј3Љ N, 99Њ 17Ј16Љ E) 551 m of the lowland forests of Chiang Mai province, northern Thailand. Although these two sarcophagid ßies showed similarity in their male terminalia in having large aedeagi and rounded juxta, illustrations of the sternite 5, cercus, surstylus, and anterolateral margin of the aedeagus allow differentiation between them. A key is provided to the adult males of the ßesh ßies of medical importance in Thailand.
Northern Thailand has the ideal conditions for the establishment of ßies, given its abundance of numerous species both of medical and agricultural importance. As for ßesh ßies (Sarcophagidae), not many investigations were made before Tumrasvin and Kano (1979) . These authors have taxonomically recorded 19 genera and 48 species collected during the survey of medically important ßies in Thailand in 1978. Since then, researchers have documented more new species and/or new records of ßesh ßies in the country. Examples of these records were provided by Bänziger (2000, 2003) and Kurahashi and Sukontason (2004) , with the exclusive article of their larval breeding behavior by Bänziger and Pape (2004) .
Based on their bionomics involving the natural larviposition of ßesh ßies in various substrates (Bä nziger and Pape 2004), including carrion and/or cadavers, these ßies have inevitably associated with human remains in forensic entomology cases (Sukontason et al. 2001 (Sukontason et al. , 2007 , considering ßies of forensic importance, in particular those species that larviposit on human remains. Sarcophaga ruficornis (F.) is considered the exemplary species from this standpoint, because it has been found on carrion (Bän-ziger and Pape 2004) and consistently occurs in human corpse (Sukontason et al. 2007 ). This prompted us to investigate the ßesh ßies in various habitat fauna in Thailand.
During the course of faunistic study on ßies of medical and forensic importance in the country, several times we made a large number of collections in different parts of northern Thailand. We have examined these collections and found two undescribed species belonging to the genus Sarcophaga s. lat. Although these two species are morphologically very close to Sarcophaga (Lioproctia) annandalei SeniorWhite 1924 and Sarcophaga (Lioproctia) serratocudo Kurahashi, 2004 (Pape and , but new to science. Therefore, they are described here with photographs of habitus and male terminalia.
Materials and Methods
Flies were collected using sweeping nets, with 1-dold rotten spoiled beef being used as bait. The beef was left 24 h at room temperature (Ϸ25Ð30ЊC) before use. After identiÞcation using a key of Tumrasvin and Kano (1979) , these specimens seemed new to science. Male terminalia were then dissected from pinned specimens under a dissecting microscope (Olympus, Tokyo, Japan) by using forceps and Þne needles, and soaked in 10% potassium hydroxide overnight to clear the integument. They were transferred to a compound microscope and photographed using a mounted digital camera (Nikon, Tokyo, Japan). The whole male also was photographed from different views. Terminology of the general morphology follows McAlpine (1981) , the male terminalia follows Sinclair (2000) , and the male sternite 5 follows Roback (1954) .
Specimen depositories and reference numbers are cited using the following abbreviation: NSMT, National Science Museum, Tokyo. (Figs. 1A, 2A , 3A, 4A, 5A) Male (2 Specimens). Head (Fig. 1A ) frons index 0.22 (n ϭ 2), frontal stripe blackish, parafrontal and parafacial gray pollinose, parafrontal slightly yellowish tinged, with Ϸ10 frontal setae (ori) and 0ϩ1 frontoorbital setae (ors), outer vertical setae (ov) shorter than one-half length of inner vertical setae (iv). Antennal pedicel dark brown, ßagellum blackish, Ͼ3 times as long as pedicel, arista plumose, black, pale brown medially. Gena silver-gray pollinose, with numerous white hairs except for several black hairs below lower eye margin, postgena with numerous whitish hairs. Occiput with group of black postocular setae, on upper parts but only one row regular. Palpus slender, black. Thorax black, silver-gray pollinose, with three broad black longitudinal stripes; propleuron bare; anterior spiracle fuscous black; posterior spiracle dark brown. Chaetotaxy of notum: presutural acrostichal setae (ac) 1ϩ1, dorsocentral setae (dc) 5ϩ5, intra-alar setae (ia) 1ϩ3, humeral setae (h) 3, posthumeral setae (ph) 2, outer posthumeral setae (prs) 1, supra-alar setae (sa) 4 (median 2 strongly developed), notopleural setae (n) 4 (2 strongly developed), postalar (pa) 2, sc 3ϩ1 (with apicoscutellar bristle). Wing entirely fuscous hyaline, epaulet blackish, basicosta creamy white, R 1 bare above, R 4ϩ5 with row of nine to 10 setae extending nearly halfway from basal node to r-m above, CS 5 with short spines along less than basal one third of anterior margin. Lower calypter creamy white. Halter brownish. Legs black, fore femur with row of strong pd, p and pv; foretibia with two to three short ad basally, one p at apical one third; midfemur with two short a medially, two p-pd apically, rows of strong av, and pv apically, without long hairs exceeding width of femur on posteroventral surface; mid-tibia with one ad, pd medially, with p, and fringe well developed on antero-and posteroventral surfaces, pv apically; hind femur with rows of strong ad, a and av of apical one half, with three pd apically, three av medially, with low of long hair on posteroventral surface; hind tibia with three strong ad, two pd medially, with well developed fringes on antero-and posteroventral. Abdomen black, silver-gray pollinose tessellate; tergite 3 without median marginal bristle; tergite four with median and two strong lateral erect marginal bristles; tergite Þve with row of erect marginal bristles. Sternite Þve with long sternal arms, Þne setulae scattered on middle of arms, sternal arms much divergent, seeming opened sternal window and "Vshaped" in ventral view ( Fig. 2A) . Epandrium brown shining. Terminalia: surstylus, when viewed from the rear, without distinct rectangle on outer margin of upper one half. Cercus broad at base in lateral view, tapering to point at apex, without notch (Fig. 3A) , cercus in caudal view largely divergent, curved at apical one half (Fig. 4A) . Aedeagus large, juxta rounded, with membranous of the anterolaterally serrated margin with four distinct teeth (Fig. 5A) Holotype and paratypes in NSMT.
Results

Sarcophaga nanensis sp. n
Etymology. This new species is named after the collection site of Nan province, northern Thailand (Fig. 6) .
Remarks. Adult ßies are found in the lowland forests in the northern Thailand. The most important morphological character to recognize the new species is the unique shape of the male terminalia. It is very close to Sarcophaga princeps Wiedemann in having large, bulb-like aedeagus and also resembling the following new species. SpeciÞcally, this new species shows similar character with Sarcophaga (Lioproctia) serratocudo Kurahashi, 2004 (Pape and , in having anterolaterally serrated margin of the juxta. Comparatively, this new species bears four distinct teeth (Fig. 5A ), whereas S. serratocudo bears more than Þve teeth, depicting seven or eight teeth by Pape and Kurahashi (2004) . Moreover, the lateral view of cercus of both species seems to be different. The base of cercus of this new species large and has smoothly inner curve of the cercus (arrowhead in Fig.  3A ), resembling half of the crescent shape. However, the base of the cercus of S. serratocudo is not distinctly large, with the inner curve of the cercus being slightly swollen at the middle (Pape and Kurahashi 2004) . Near the base of the lower cercus of S. serratocudo also shows the slight notch (Pape and Kurahashi 2004) , which is not present in the new species.
Distribution. Thailand (Nan province).
Sarcophaga kiyokoae sp. n (Figs. 1B, 2B, 3B, 4B, 5B)
Male (1 Specimen). Head (Fig. 1B ) frons index 0.19 (n ϭ 1), frontal stripe black, parafrontal and parafacial silver-gray pollinose with yellow tinge, parafrontal with 10 frontal setae (ori) and 0ϩ1 fronto-orbital setae (ors), outer vertical setae (ov) shorter than one-half length of inner vertical setae (iv). Antennal pedicel dark brown, ßagellum fuscous black, longer than 3ϫ as long as pedicel, arista plumose, dark brown, pale brown medially. Gena silver-gray pollinose, with numerous white hairs except for several black ones just below lower eye margin, postgena with numerous whitish hairs. Occiput with group of black postocular setae, but only one row regular. Palpus slender, black. Thorax black, silver-gray pollinose, with three broad black longitudinal stripes; propleuron bare; anterior spiracle fuscous black; posterior spiracle fuscous black. Chaetotaxy of notum: presutural acrostichal setae (ac) 1ϩ1, dorsocentral setae (dc) 5ϩ5, intra-alar setae (ia) 1ϩ2, humeral setae (h) 3, posthumeral setae (ph) 2, outer posthumeral setae (prs) 1, supra-alar setae (sa) 3 (2 strongly developed), notopleural setae (n) 4 (2 strongly developed), postalar (pa) 2, sc 3ϩ1 (with apicoscutellar bristle). Wing with entirely brownish hyaline, epaulet blackish, basicosta pale yellow, R 1 bare above, R 4ϩ5 with row of approximately nine to 10 setae extending nearly halfway from basal node to r-m above, CS5 with few short spines only at base of anterior margin. Lower calypter creamy white. Halter brownish. Legs black, forefemur with rows of strong pd and p, row of long pv on posteroventral surface; foretibia with two short ad basally, one p at apical one third; mid-femur with three short a medially, seven p-pd apically, row of strong av and row of pv including four strong ones on apical one half, with long hairs exceeding width of femur on posteroventral surface; mid tibia with one ad, one pd, one p medially, fringe well developed on posteroventral surfaces; hind femur with row of strong ad, a, av, and several pv developed apically and with 2Ð 4 pd apical one third; hind tibia with two ad on antero-and posteroventral surfaces and row of strong pd medially with well developed fringes more than apical three fourths. Abdomen black, silver-gray pollinose tessellate; tergite 3 without median marginal bristle. Sternite 5 with rather short sternal arms, Þne setulae scattered densely on middle of sternal arms on ventral surface, sternal arms less divergent, seeming closed sternal window (Fig.  2B) . Epandrium brown shining. Terminalia: surstylus, when viewed from the rear, with laterally distinct rectangle outer margin of upper one half. Cercus parallel at base in lateral view, with notch at apex (Fig. 3B,  arrow) , cercus slightly divergent, curved at tip in caudal view (Fig. 4B) . Aedeagus large; juxta rounded, with anterolaterally serrated margin with four distinct teeth, without membranous appearance (Fig. 5B) . Body length 9.0 mm (head to T3), width 4.0 mm. Holotype and paratype in NSMT. Etymology. The species is named in honor of Kiyoko Kurahashi for her assistance in training of taxonomic work in Japan.
Remarks. Adult ßies were collected on spoiled meat in the lowland forests. The present new species is similar to S. nanensis sp. nov. in external morphology, in having large aedeagi, and rounded juxta with four distinct teeth of the anterolaterally serrated margin. However, the serrate margin of S. kiyokoae shows no membranous appearance (Fig. 5B) . Morphological features of the cercus of S. kiyokoae and S. serratocudo are distinctly different, with notch at apex of the former species (Fig. 3B, arrow) , but without notch of the latter species (Pape and Kurahashi 2004) .
Distribution. Thailand (Chiang Mai province, Fig. 6 ).
Discussion
Based on the resemblance of male terminalia, in particular the large aedeagus and rounded juxta with distinct teeth of the anterolaterally serrated margin, it is reasonable to assume that S. nanensis and S. kiyokoae are closely related species. However, both species were separated on the basis of the very different forms of male terminalia, in particular the sternite 5, cercus, surstylus, and anterolateral margin of the aedeagus. Also, these two new species are morphologically very close to S. serratocudo collected from Timor of Indonesia, as shown by Pape and Kurahashi (2004) . In addition, these authors have addressed the similarity of the male terminalia between S. serratocudo and Sarcophaga (Lioproctia) annandalei Senior-White, 1924, with the key to separate between these two species being included (Pape and Kurahashi 2004) . Concerning the number of distinct teeth occurring anterolateral of the juxta, it is likely that S. kiyokoae is very similar to S. annandalei in having less than Þve distinct teeth (Pape and Kurahashi 2004) .
Little is known about the life history and biology of S. nanensis and S. kiyokoae, except for the attracting to rotten liver in gardens, suggesting necrobiodotic (observed on cadaver) behavior, based on ßiesÕ breeding determination of Bänziger and Pape (2004) . In addition, the similarity of collection sites of both species near the river at Ϸ500 m above sea level was attained. There were no females available. It is presently unknown whether both sarcophagid ßies have any medical and/or veterinary importance.
Key to Species of Sarcophaga s. lat Recorded From
Thailand (Only for Male) Fig. 2A ) and open sternal window; pointed cercus (Fig. 3A) ; juxta rounded, with anterolaterally serrated margin with four distinct teeth, with membranous appearance (Fig. 5A) . . . . S. nanensis sp. nov. -Sternal arms of sternite 5 less divergent as Y-shape (Fig. 2B ) and closed sternal window; cercus with notch (Fig. 3B) ; juxta rounded, with anterolaterally serrated margin with four distinct teeth, without membranous appearance (Fig. 5B) 
